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Synopsis : 3

SYINOPSIS

This report presents the results of experimental gtudies of sue-
pended sediment samplers. Vearious forms of simple intake tubes and
typical suspended sediment sampler intakes wére tested to evaluate srrors
in the sediment concenﬁration of samples due to adverse sampler entrance
conditioné, deposition of sediment with flow through a horizontal c¢cylin-
der, and loss of sediment in transferring the samples to other containers.

Tests were made with five representative slow fllling samplers to
determine thelr f£illing characteristics under various conditions of

- stream velbcity, sampling depth, and sampler operation.
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Section 1 9

LABORATORY INVESTIGATIONS

OF SUSPENDED SEDIMENT SAMPLERS

I. INTRODUCTION

1. Scope of project--Measurement of the quantity and character of
sediment transported by streams is an important activity common to river
maintenance and development, stream discharge measurement, erosion con-
trol, irrigation, and hydro-electric development. A cooperative project
has been sponsored by a number of Government agencies tostudy the various
methods and types of equipment used in the measurement of sediment 1oads;
with the ultimate aim of improving and standardizing them so that more
analogous data will be secured.

From the standpoint of sampling equipment and technique, the movement
of sediment has been classified as suspended load and bed load. The basic
difference in their measurement is that the former is determined from a
sample as the weight of solids per unit volume of water which, when cor-
related with water discharge, will give the quantity of suspended sediment
transported in a given time, while the bed-load is measured directly as
the weight of sediment moving past a unit of stream width per unit of time.
This project was concetned primarily with the problems of suspended sedi-
ment determinations, but included, also, a brief review of bed-load and
bed material sampling equipment.

The determination of the quantity and character of suspended sediment
passing a selected stream cross section over a period of time, inveolves
the following phases:

g; Selection of sampling points so that the samples can

be properly correlated with the water discharge and the deter-
mination of the frequency of sampling.
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b. Collection of samples from these selected points in
such a manner and with such equipment that the samples will
accurately represent the true water-sediment suspension at the
points at the time of sampling.

¢. Analysis of the samples for the sediment content, par-
ticle size gradation and any other sediment characteristics as
required,

The studies of the various phases of suspended sediment determina-
tions, together with the review of equipment used for bed-load measure-
ments, are presented as indicated by the following titles of the respec-
tive reports:

Report No. 1. "Field Practice and Equipment Used in Sam-
pling Suspended Sediment;" a review of sediment investigations
which presents and discusses the various methods of selecting
the verticals to be sampled in a stream sectlon, the methods of
gelecting the sampling points in a vertical and the considera-
tions in determining the frequency of sampling the particular
stream section; and which describes, classifies, and discusses
the numerous suspended sediment samplers.

Heport No. 2. "Equipment Used for Sampling Bed-Load and
Bed Material;" a review and classification of the various types
of equipment.

Report No. 3. "Analytical Study of Methods of Sampling
Suspended Sediment;" a hypothetical analysis of the various
methods of sampling a stream vertical.

Report No. 4. "Analysis of Sediment Samples;" a presenta-
tion and study of the numerous laboratory methods of analyzing
sediment samples for particle size and total solids concentra-
tion.

Report No. 5. "Laboratory Investigations of GSuspended
Sediment Samplers" as presented in this report is“an experi-
mental study of the basic principles of sampIing action as
affects the accuracy of the samples, and of the filling charac-
teristics of representative types of slow filling samplers.

2. Purpose of experimental study of samplers--A number of features

of samplers and sampling action have been visualized as sources of error

in the sediment concentration in suspended sediment samples. A non-
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representative'sample may resﬁlt froml adverse entrance conditions into a
sampler, from accumulation of sediment in the sample container, or from
loss of sediment in transferring a sample. These factors, and the magni-
tude of their effects upon the samples, were inﬁestigated experimentally
in this laboratory study.

From‘the review of sediment investigations as presented in Report
No. 1, it was evident that there was a s=srious lack of exact knowledge of
- the filling characteristics of slow filling samplers, particularly the
magnitude of their filling rates under various sampling conditions. The
experimental study was conducted to provide this baslc information neces-
sary in the study of the field operation, Iin the analysis of errors re-

sulting from the fllling action, and in the desipgn of a sampler.

3. Methods of study--The analysis of sampler entrance conditions

constituted the major problem in the study of the errors in sediment con-
tent of samples. . It required elaborate procedure and equipment and in-
volved the largest number of tests. ‘Enfrance condltions were established
which, logically;' would cause errors, and the magnitude of the errors
"were-evaluated; but no attempt ﬁas made to determine the actual flow
patterns at the intakes. Samples were collected‘from suspensions of known
concentration and errors in the sahp1e concentrations wefe attributed to
the particular entrance conditions. This procedure involved the circula-
tion of a water-sediment suspension through a closed conduit from which
test and stﬁndard sampleé were collected simultaneously from adjacent
sampling points. The standara samples; collected under the most 1deal

‘entrance conditions, were used to establish the true sediment concentration
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of the suspensior at the sampling point, as no methed of computing this
concentration was devised.

The tendency toward deposition of sediment in the passage of a sus-
pension through a horizontal cylinder was readily observed ina transparent
cylinder placed 1n the flowlng suspension. The phenomenon was studied
quantitatively for several samples which were trapped in the cylinder.

To evaluate the tendency toward a loss of sediment 4in a sample
transfer, caused by sediment adhering within the samplers, simple, direct
tests were made. The procedure conslisted essentially of emptying pre-
pared samples of known concentration out of various samplers and of
analyzing both the final sample and the residue in the sampler.

The study of sampler filling characteristics, of the varlous slow
filling samplers, involved actual filling rate measurements under a rangs
of conditions of stream depth, velocity, and sampler operatlion. A number
of the tests were made in the deep, still water of an abandoned gquarry,
and the tests involving stream velocity were made in a large flume at the

laboratory of the Iowa Institute of Hydraulic Research.

4. Authority and personnel--The cooperative project, of which this

study is a part, was authorized and sponsored iInformally by the following
Federal Government agencles: the Geological Survey, Indlan Service, and
Bureau gf Reclamation of the Department of Interlor; the Flood Control
Coordlinating Committee of the Department of Agriculture; the Engineer
Department of the War Departﬁent; and the Tennessee Valley Authority.
The studies were conducted at the Hydraulic Laboratory of the Iowa

Ingtitute of Hydraulic Research, ©State University of Iowa, under the
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supervision of Professor E. W. Lane, consulting engineer. Engaged on the
project as representatives of thelr respective cooperating agencies have
been Cleveland R. Horne, Jr., Engineer Department; Victor A. Koelzer,
Geological Survey; Donald E. Rhinehart, Bureau of Reclamation; Vernon J.
Palmer, Flood Control Coordinating Committee; and Clarence A. Boyll,
Tennessee Valley Authority.

The Iowa City Sub-Office of the St. Paul U. S. Enginesr District
under the direction of Martin E. Nelson, Engineer, assisted in the admin-
istration of the project, edited and published the reports and assisted

in the design and construction of equipment and in the conduct of tests.
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II. TEST EQUIPMENT AND EXPERIMENTAL MATERIAL

5. Test equlpment--The experiﬁental study of sampler entrance con-

ditions required the development of special laboratory equipment which
consist~d essentially of: a conduit through which a water-sediment sus-
pencion was circulated as desired; special sampling apparatus permitting
the collection of samples from the circulating suspension under carefully
controlled sampling conditions; and regular Ilaboratory equipment for
analyzing samples.

No additional equipment was required for the study of sediment de-
position in instantaneous horizontal samplers. For the evaluation of the
loss of sediment in transferring samples the containers of several common
samplers were used.

The tests of filling characteristics of samplers were conducted with
five relatively common slow filling samplers, including both the bubbling
type and the smooth filling type provided with separate air exhausts.
The descriptions of the samplers tested and the alterations to adapt them
for the tests, are given in Section 28. The main additional equipment
congisted of a U. 5. Geological Survey type sounding réel for suspending
the samplers, and a Price current meter for measuring the stream velocity
at the sampling point.

The conduit or circulating system as shown in Fig. 1, for the study
of sampler entrance conditions, was composed of (1) a horizontal, rec-
tangular conduit, 10 by 10 in. by 16 ft. long, as the main testing and
observation section, (2) a 6-in. centrifugal sand pump, at the downstream

end of the main section, for circulating the suspension, (3) a 6-in.
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¢ylindrical pipe line +to carry the suspension from the pump to the up-
_ stream end of the main section, and (4) a reservoir or head tank connected
to the system above the upstream end of the main section.

The main section, consisting of three sections, formed of 1/8 in.
sheet steel and two +transparent pyralin sections, was built on a single
16.8-ft. length of 10-in. 15,.3-1b. steel channel., The channel, with
flanges turned down, provided the smooth bottom of the conduit, and the
formed sections were bolted over rubher gaskets to the flanges of the
channel. The two transparent sections, built up of 1/4-in. sheet pyralin,
were bolted to the adjoining steel sections and to the flanges of the
channel., They provided ohservation and test sections, the downstream one
being equipped and used as the sampling station.

A reconditioned, 6-in., Morris, centrifugal sand pump, model 1911,
belt driven by a 30 hp. electric motor, was used to circulate the suspen-
sion. It had a maximum capacity of 3.8 c¢.f.s., which provided 5.5 ft./sec.
velocity at the sampling station. One disadvantagé in the use of this
pump, after it was_cleaned of rust, was the somewhat puléating nature of
its discharge.

The tank, connected indirectly into the conduit above the ugstream
end of the main section, functioned as a pressure control and resérvoir,
and provided a means of adding sediment and water to the suspénsion to
replace that withdrawn as samples. It also served as a reservoir into
which the entire suspension from the main section c¢ould be pumped and
saved while alterations were made at the sampling section. As the cir-
culating suspension did not flow tikrough the tank, the water in the tank

normally was téanquil, undisturbed, and free from sediment. The water
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pressure in the tank was transmitted directly to the system, resulting
in operating pressures above atmospheric throughout, and thereby prevent-
ing the suction of air through small leaks into the circulating suspension.

A 3/4-in. water supply line was tapped into the conduit below the
tank and faced to direct its supply in the direction of the circulating
suspension. Faced in this way, the danger of sediment accumulating in
this pipe was eliminated. 1In addition to its use for initial filling of
the system, the line provided a clean water supply during operation,
which, in conjunction with the overflow drain in the tank, allowed a con-
tinuous exchange of the water without affecting the sediment of the sus-
pension, |

A drain pipe, installed through the center of the tank and open at
the top about € in. below the top of the tank, acted as a constant level,
overflow drain. This pipe was tapped with a valve-controlled opening 2
ft. below the overflow 1level, whereby the water of the tank could be
drained as desired. By using the overflow drain, the used, &somewhat
discolored water of the suspensicn could be drained as fresh water was
added through the supply line. The sediment of the suspension was pre-
vented from rising into the tank by the slow rate of this operation; thé
upward velocities in the tank were lower than the fall velocities of the
gsediment.

A 1-in. drain pipe, tapped intc the bottom of the pump, provided
means for completely draining the entire system. The valve controlling
this drain was placed immediately below the pump to minimize the amount
of sediment that could accumulate in the draln during operatiom.

Flow of the circulating suspension was regulated by throttling the
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discharge of the pump with a 6-in. gate valve. A second 6-in. gate valve,
~located just downstream from the tank connection, remained open during
operati.: and was used only wheh the suspension was pumped out of the main

gection for storage in the tank.

6. Accessories for operating the circulating system--Flow meters

were used to measure the rates of discharge of the circulating suspension
and cocling water was used to regulate the temperature of the suspension.
A pitot tube, calibrated ina rotating, circular trough was used tomeasure
velocities at any poinp in the sampling section. It was connected to a
differential mancmeter whose scale was sloped to magnify the readings by
five. The scale was graduated so as to indicate velocities directly in
feet per second,

The transition from the rectangular to the cylindrical conduit at the
downstream end of the main section was usgsed as a venturi meter to measure
the rate of flow in the system. It was calibrated in place by use of a
separate water supply and a weighing tank. A pair of piezometers at the
large end and another pair at the small end of the transition were con-
nected to a differential manometer which was equipped with a scale
graduated to indicate flow directly in cubic feet per second. Separate
calibrations, with and without the pump in operation, showed that the
pump, downstream from the venturi meter, did not affect the accuracy of
the discharge readings. A comparison of the rate of flow as indicated by
the venturi meter with that computed from the pitot tube velocity readings

in the sampling section served to verify satisfactorily the individual

calibrations of thesé instruments.
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A temperature rise in the suspension of about 8° F. per hour was
observed during the operation of the circulating system. In order to
maintain uniform temperature a cooling system was installed consisting of
a 36-ft. length of 3/4-in., copper tubing doubled and extended into the
6-in. pipe line from the cross connection under the tank. Tap water cir-
culating through this copper tube provided sufficient cooling and allowed
regulation of the temperature of the suspension to any desired temperature
above that of the water supply. Thg continuous exchange of water of the
system by use of the water supply line and overflow drain of the tank pro-

+

vided an additional means of regulating the temperature.

7. Sampling apparatus used in study of gampling action--Equipment

for collectlng samples of the circulating suspension consisted principally
of:

a. An assortment of sampler nozzles which were designed
as readily interchangeable inserts, 1o seat with a taper lock
joint into the mouth of withdrawal tubes.

b. Specially shaped brass tubes for withdrawing samples
out of the conduit, which were equipped with stop cock valves
for controlling the sampling rate and provided with a tapered
mouth as a seat for the various nozzle inserts.

¢. Necessary plates and watertight bushings installed in
the transparent sampling section of the conduit to facilitate
the insertion and adjustment of the sampling tubes and pitot
tube to any desired point in the section.

d. An air injection pump for returning the water-sediment

discharge of the samplers to the head tank when it was not re-
tained as a sample.

The testing section of the conduit and the sampler nozzles and tubes for
withdrawing the samples are shown in Fig. 2.
The nozzles are described individually and details and dimensions

are given in the discussions of the respective test results. They weré
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machined from heavy wall brass tubing or brass cylinders to the deslired
shapes and dimensiong, and the critical dimen=ions were held to within
C.001 in. The back ends of the nozzles were machined on a standard taper
of 4° included angle, to seat and lock into the sgimilarly tapered mouth
of the sample withdrawing tubes. They seated firmly but could easily be
twisted out of this joint and interchanged.

The tubes for withdrawing the samples were of heavy wall brass tub-
ing in two sizes: 9/16-in. and 3/8-in. outside diameter. The assortment
included those bent to face the nozzles directly into the stream or at
slight angles +to this direction, to face the nozzles horizontally but
across the direction of flow, and to face the nozzles vertically.

The bushings installed in top and bottom of the testing section were
designed to accommodate either of the two sizes of sampling tubes and to
allow their adjustment vertically in the stream. A removable plate 4 in.
long and 8 in. wide, inserted in the bottom of the conduit with its top
surface flush with the bottom of the channel, contained three bushings,
spaced 1-1/2 in. center to center, which throughout most of the testing
accommodated the pitot tube and two sampling tubes arranged symmetrically.

4 plate in the top of the section, designed to slide across the con-
duit, contained bushings at 1-1/2-in. centers so that as many as seven
could be used simultaneously. This feature was not used in the tests,
but was convenient in the study of the sediment and veloclity distribu-
tions throughout the sampling cross section, for which a sampling tube or
the pitot tube was installed and moved +to any desired point over the
section. |

A readily removable 8 by 8-in. plate was provided in the top of the
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£l

b.

Sampling station in conduit.

Fig. 2 - Sampling apparatus.

FIG.
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transparent section, just upstream from the sliding plate. It provided
easy access into the conduit to allow installation of sampler nozzleé
or othgr alterations of test conditions.

The air injection pump allowed continuous operalion of the samplers
without a depletion of the suspension in the system. Water and sediment,
withdrawn through the samplers, but not collected.qssamples; was returned

to the head tank.

8. Water and sediment usged in tests of sampling action--Filtered
and chlorinated‘Iowa River water of the regular University of Iowa supply
was used throughout the tests. During the program of testing, the temper-
ature of the water varied from about 40° to 80° F., but the temperature
of the suspension during tests was controlled within a range of from 650
to 859 F., which range was found to have no perceptible'effect upon the
test results; In previous experiments it had been found that the water
tended to éause floculation of fine grained sediments, Eut this was not
evident 1n these tests .becaﬁae of the large sizes of sediment and the
technique used. The water was treated with potassium dichromate, 0.02 per
cent concentration, to inhibit ruéting ingide the pump and conduit. This
practice was found to have no effect upon test results.

The sediment used consisted. 'of four different, readily obtainable,
commercial sands, differing principally in size as rapresénted by the
size analysis curves in Fig. 5.l Theyfdre designated and referred to by
the mean pérticle size which‘on,the gize gnalysia curve 1g the particle
diameter cbffgsponding to the 50 per cent ordinate.

.The‘behavior of éuspended sediment under various sampler eﬁtrance

conditions i1is more directly =a function of the fall velocity of the
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gsediment particles than of the particle diameters. The fall velocity,
or rate at which the particle falls through water under the force of
grdvity, is a function of the particle mass, size, shape, and surface
properties, and of the water density and viscosity. Thus, it providés
a more general basis for comparing the action of various sediments. Fall
velocities of the material used in these tests under the usual conditiong
and with the native water are shown by Fig. 4.

It was sdvantageous in this study to work separately with the narrow
ranges in size of sediment to show the relation of the particle size to
its action under the various sampling conditions.

The 0.45-mm. Ottawa flint silica and the 0.15-mm. Ottawa banding
sand consisted of natural, well rounded, uniform particles of a suffi-
ciently narrow size range for use as purchased. The 0.08-mm. ground
flint sand wae graded in a hydraulic sand separator to the size range
shown. The particles of the latter were more angular and less uniform
than were the Ottawa sands. The smallest sediment, 0.0l-mm. ground
Wausou quartz, was used as purchased.

"Samples of the sediment were token from the system after various
periods of Operation‘and were analyzed to determine the amount bf break-
ing or wearing down of particles., From these tests it was found that 12
to 14 hours of operation would result in a noticeable but unimportanﬁ
increase in the percentage of finer particles due to wearing and breaking
of larger particles. To insure that the reduction in the sediment size
should not affect the test results, the suspension was drained after each

€ to B8 hours of operation, and replaced with fresh sand and water.
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9. QOperating characteristics of circulating system--4 preliminary

study of the operating characteristics of the cifculating system was made
to verify the reliability of the general procedure and to establish the
operating and sampling technique. This study included ohservations of
veldcity across the sampling section, the nature of the flow through the
conduit, the variation of sediment concentration with time and sampling
point, and the distribution of sediment at the sampling section and
throughout the system.

Results of the velocity observations throughout the sampling section,
shown in Fig. 5, indicate a uniform, symmetrieal distribution. Although
of a pulsating natﬁre, the flow in the system would remain constant over
long periocds of operation. The maximum velocity obtainable at the sam-
pling section was about 5.5 ft./sec., corresponding to the maximum pump
discharge of 3.8 c.f.s. The minimum velocity was restricted only by the
sediment size, and was the lowest velocity at which a particular sediment
would remain in suspension.

In order to study the charamcteristics of the sediment suspension, it
was necessary to collect and analyze samples of the water-sediment mix-
ture. The technique established for that purpose wasdevised with thorough
consideratioh of the forces affecting the accuracy of a sample which are
discussed more fully in Section 10. A thin, sharp-edged sampling tube,
facing directly into the flow was used, into which the gampling rate wes
carefully controlled so that the velocity at the tube entrance was equal
to the undisturbed gstream velocity. This technique was aésumed to give a

sample whose concentration was truly representative of the sediment con-

© centration in the system. The logic of this assumption is discussed more

in detail in Section 11.
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A study of the variation with time of sediment concentration at a
sampling point was combtined with a comparative study of the sediment con-
centration at two sampling points, -symmetrically located in a horizontal
plane. Two samplers were installed in the sampling section with their
mouths at arbitrarily selected points indicated in Fig. 5, and a series
of éuccessive samples were collected from each of the two points simul-
tanecusly. The results of the study are presented graphically in Fig. §.

The concentration of the successive 20-sec. samples varied over & range
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of 37 per cent of the mean concentration, and the concentration of the
successive l-min. samples varied over a range of 10.5 per cent. These
fluctuations in the concentration ﬁere attributed partly to Brdinary tur-
bulence and partly to the pulsating nature of the flow. Their effect was
minimized by sampling over long periods of time, usually about 10 min,
The simultaneous samples from the two sampling points showed much
closer agreement than did successive samples from the same point. The
meximum difference  in concentration between two simultaneous 20-gsec.
samples was 12 per cent, and the average concentrations of the series of
left and right samples differed only 0.4 per cent. This established the
validity of simultaneous sampling, whereby the concentration measured with
a standard sampler at one of a pair of symmetrical sampling points was
considered to be the true concentration at the other test sampler point.
To study the sediment distribution at the sampling section, a sam-
pler was placed at the center of the sampling section and samples of
10-min. duration were collected to establish the true concentration at
that point. Operating simultaneously with the fixed sampler, ranother
was moved from point to point vertically and horizontally throughout the
section, collecting a sample at each point which was compared with the
corresponding sample at the center. The sediment distribution found for
" different particle sizes is shown in Fig. 7. The concentration of sedi-
ment varied over the depth of the conduit as expected, that is, concen-
trations increased toward the bottom. It varied symmetrically across the
conduit, the maximum concentration being at the center. Two sampling
points at-the same depth and symmetrically located across the section had

the same average concentration of sediment, which verified the findings

in previous tests.
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The distribution of sediment throughout the system varied with the
.sigaofsedimenty the rate of-circuiation, and possibly with other factors.
The coﬁcentrntion at any point was nét found to have a readily ascertain-
able relation tc the average concenpr&tion of the 1gpension. Therefore,
it was not nracticabie tc compute the true concentration at a sampling

point nor to attempt to control it to any predetermined value.
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III. TESTS OF SAMPLER ENTRANCE CONDITIONS

10, Flow patterns at the entrance--Conditions at the mouth of a
sampler may be represented by the flow pattern of the water-sediment
suspension approaching and entering the sampler. It is logical that any

~curvature in this flow pattern, or in any of its stream lines caused by
changes in Qelocity of direction, or by disturbances duec to the sampler
itsgelf, willl tend to segregate the sediment from the water. This, in

turn, will change the concentration of sediment in the  filament entering
the sampler and, concequently, also in the sample collected. This tend-

ency 1is due to the difference in density of the sediment and the water;
the sediment, having grecter density cnd inertis than the woter, responds
less rapidly than the woter to forces chonging its motion. The magnitude
of e&ny error in the sediment coﬁtcnt of a sample resulting from this
phenomenon would be a function of the: particular flow pattern establiéhed
and of the characteristics of the sediment,

This phenomonon is illustroted qualitativély in Fig, 8 for threé pat-
#worng of flow into a sampler whoso mnouth faces directly into the
stream, In Fig. 8b 18 represented the common ¢ecse  in which the samplipg
rate is slow, and the vclocity in the mouth :f the sampler is less thaﬁ
tﬁe nathiral stream velocity some distanc; upstream from the sampler. This
condition is pictured by a filoment of the suspension diverging in crogs
sectional aren and decreaging in wvelocity e&s it approaches the mouth of
the samplér. The sediment from just outside the border of the sampled
filament, diverging less rapidly than the water, cnters the mouth of the

sampler as an excess. In Fig. 8¢ 1s represented the converse of this

condition in which the velocity at the mouth of the sampler is greater
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than the naturnl strewm velocity. The sediment in the sampled fllament
tends to converge Yoz lesser degrse than the water, resulting in a sample
100 low 1In sediment concentration.

Conditions of similar nature masv be prevalent with all types of
gamplers sand the corresponding flow patterns may be convenlently demon-
strated by injecting streams of dye.into the suspension. A demonstratilon
of this nature nhas been made recently at the Californla Institute of
Technology(l} using ceveral existing samplers.

The tests which follow are concerned directly with the quantitative

evazluation of errcrs in somples resuliing from these phencmena.

11. General procedurs in testing samplex intakes--The general pro-

cedure followed 1in the %ests to nvraluate the effect of sampler entrance
conditions involved collecting test samples under various intake condi-
tions and comporing their sediment concentrations with the true concen-
tration at tihe sampling point. As previously stated, the value of the true
concentration waz necessarily established by sampling, but this was done
under carefully controlled fstandard sémpling conditions® devised with
thorcugh concideration of the physical- forces affecting the accuracy of a
sample. These standard sampling conditions were defined as those in which
the approaching filament of water-sediment suspension was not deflected
or disturbed in any manner until it reached the mouth of the sampler,
The standard sampling conditions were attained by:
2. Using the standard sampling nozzle, shown in Fig. 9,

which was designed to minimize its effect upon the approaching
Suspension.

e e i v e e R e e L o e ke o e o Bt e i o LR ., B e e e . B .l P A o o e e e

(1} American Geophysical Union, Transactions 1940, Part I, p. 78, "The
Use of Hydraulic ‘Models in the Design of Cvspended Load Samplers" by
. Pat O'Neill.
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b. Facing the nozzle directly into the flow (normal posi-
tion) o that a sample would undergo no change of direction in
entering the sampler.

¢, Controlling the sampling rate so that the velocity in
the mouth of the sampler would be equal to the undisturbed ve-
locity in the stream as illustrated in Fig. 8a, ar” no change in
velocity or direction would result as the sample .as collected.

‘With this minimum of disturbance and change of flow of the sample as it

approached and entered the sampler, no forces were visualized which might

tend to affect ihe accuracy.

Sectional wnd side view End view

fig. @ - Strandard nozzle intake diameter 0.25 in.

Further, from the study of the sediment suspension characteristics
at the sampling section, Section 39, it was established that:

a. Samples coilected over loug periods of time, & to 10
min., provided a satisfactory average of the fluctuating con-
centration.

b. Values of sediment concentration, based on long sam-
ples, are the same at two sampling polnts symmetrically located
in a horizontal plane.

Based on these fundamental assumptions and characteristics, the pro-

cedure involved collecting, from twin sampling points, a testand & stand-

ard sample simultaneously over a 10-min. sampling period. Any difference
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between the sediment concentration of the test sample and that of the
standard sample was attributed as an error dus to the particular sampling

conditions in the test sampler.

12. Qutline of tests--All sampling conditions were arranged and

classified according to their deviation from the assumed standard sampling

conditions in the following manner:

a. Deviations from the normal sampling rate.

b. Deviation from the normal positlon of the sampler nozzle.
¢. Deviations in size and shape of the nozzle.

d. Disturbance of sample by nozzle appurtenances.

e. Major wvariations from standard conditions in the
orientation of sampler nozzle.

These deviations are likely to occur in varicus combinations and
their effect should vary with sediment sizé and stream velocity. Tests
were conducted in an order arranged to evaluate their effects separately
and in probable combinations.

Each test consisted of a series of samples collected at intake rates
from about 25 per cent to about Z00 per cent of normal, with a singls
size of sediment, a single stream velocity, and one nozzle placed in one
position. Thus each test showed the effect of deviations from normal
intake rates either alone, or in combination with any other desired de-

viation from standard conditions.

13. Technigue in collecting and analyzing samples--The technique

followed in collecting and analyzing the samples allowed an immediate
determination of their sediment concentrations, and resulted in a high

degree of accuracy.
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The sampling period of 10 min., established in the study of fluctua-
tions of sediment concentration at the twin sampling points, BSection 9,
resulted in large volumes of water and sediment ;n each sample. The
samples, usually in volumes from 5 to 50 gallons were welghed directly.
The sediment was separated from the water either by sieves or sedimentation
and was welghed directly in the wet condition by a water displacement
" method. This method consisted in determinin% the difference in weight of
a given volume of water and an equal volume of the water-sediment mixture.
Equal volumes were obtained by measurement in volumetric flasks. This
difference, the buoyed up welght of sediment, multiplled by the specific
gravity of sediment and divided by the difference in specific gravity of
sediment and that of water gave the true weight of dry sediment. The
ratlio of the dry weight of sediment to the welght of water gave the sedi-
ment concentration of the sample which could be expressed in per cent
or in parts of sediment per million parts of water-sediment, p.p.m.

In preliminary studies of the sediment suspension characteristics,‘
where smaller samples were colleqted, these were analyzed separately by
slphoning off the water and drying the sediment. This method was used
also to verlify the accuracy of the displacement method of determining the
quantity of sediment in the samples.

The mean sampling rate for each sample was computed from the total
volume of the saﬁple and the timé of sampling. The velocity at the mouth
of the nozzle was determined by dividing the sampling rate by the area
of the nozzle mouth, and was usually expressed as a ratio to the normal
or undisturbed stream veloclty. The "normal" sampling rate was that re-

sulting in a velocity at the mouth of the nozzle, intake velocity, equal
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to the normael or stream velocity. The area of the nozzle mouth was that

defined by the sharp edge.

14. Errors In sediment concentration of samples collected with

standard sampler nozzle--Tests were made to evaluate the effect of devi-

ations from the normal sampling rate upon the samples collected, and to
show the importance of controlling the sampling rate into a sampler. A
series of samples collected at rates varylng from about 1/4-normal to
about 3-normal, with a single size‘sediment and a single stream veloclity,
comprised cne test. The standard nozzle, shown in Fig. 9, was used,
oriented in the normal position so that any effect upox the flow pattern

of the sampled filament and consequently any error in the sediment con-

centration of the sample could be attributed to the particular deviation

of the intake rate from normal alone.

Results of four tests with a stream velocity of 5 ft./sec., and
suspensions of 0.45-mm., O.iS—mm., 0.06-mm., and 0.0l-mm. sands are shown
on Flgs. 10 to 12. These data show that appreciable errors in the sedi-
ment concentration of a sample result from an incorrect or uncontrolled
sampling rate. Samples collected at rates such that the velocity in the
mouth of a noézle is lese than the normal stream veloclty contain an
excegs of sediment, while samﬁles collected at rates above normal are low
in sediment content. Errors resulting from sampling rates below normal
are conslderably larger in magnitude than erro;s resulting from compar-
gblé deviatioﬁs ih sampling rate abovelnonmal. The errors increase in
magnitude as tHe sampling rate increases above normal.

Results of three tests using 0.15-mm. sedimeht with stream velocities

of 3, 4, and 5 ft./sec. are shown together on Fig. 13. From these data it
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concentration — 0.45 mm. sediment.
is evident that the actual velocity of the flowing stream affects the mag-
nitude of the errors caused by deviations from the normal intake velocity,
higher velocities resulting in somewhat larger errors. But the effect of
variations in stream velocity is relatively smaller than the magnitude of
errors caused by deviation from normal intake velocity, so that tests made
at any stream veloclty are representative of a large range of velocitles.
To emphasize the relation between sediment size and the magnitude of

the errors, the data in Figs. 10 to 12 &are replotted on Fig. 14 to show
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the error in concentration of gamples as a function of the size of sedi-
ment for several sampling rates.' As the size of sediment increased above

0.06-mm., the magnitude of the errorz in sediment concentration of the
gsamples increased rapidly. Within the range of Stokes! Law, sediment
sizes below 0.06-mm., the errors were comparatively small in magnitude
and varied less rapidly with the sediment size.

Moderate variations in the actual sediment concentration and in the
temperature of the suspension were found to have no perceptible effect
upon the recults. Data from two series of samples whose mean concentra-
tions were 1250 and 2150 p.p.m. and two serles of samples collected at
temperaturés of 67° and 90° F., are presented in Fig. 10. There 1s no
éonsistent variation in these data which can be atiributed to variations

in the temperature or the sediment concentration.

15, Effect of small deviations from normal nozzle orientation on

errors in sediment concentration--The direction of orientation of a sam-

pler nozzle with respect to the direction of the gtream current might
vary considerably during sampling. Any deviation of a sampler nozzle
from facling directly into the stream flow represents a deviation from
the specified stendard sampling conditions. To evaluate +the effects of
small deviations, tests were made with the standard nozzle set at angles
of lOO, 200, and 500 from the normal position. ©Each test consisted of a
series of samples collected at varlous intake rates, and showed the effect
of deviations from normal position as well as of deviations from normal
intake rate. Results of these tests are shown in Fig. 15 and the corres-
ponding test with the standard nozzle in the normal position has been re-

plotted therson for comparison. The results of the 10° test have been
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omitted from the gropan because they did not differ from the basic test.

Fig. 15 shows that with a deviation of 20° from the normal direction,
other conui 15 at the intake being the same, the sampler nozzle tends
to coll ci samples of lower sediment concentration than those collected
at the normal position, and at an angle of 30° this tendency becomes
guite appreciable. The effect of deviations in orientation of a nozzle
from the normal direction is small in comparison to the errors due to

deviations from normal intake rates.
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Fig. 15--Effect of small deviations from normal nozzle
orientation on errors in sediment concentration.

16. Effect of size of nozzle mouth on errors in sediment concentra-

tion--Tneoretically, the standard sampling conditions, specified in
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Section 10, are independent of the area of the nozzle mouth. Samples
collected under normal conditions should be volumetrically proportional
to the area of the nozzle mouth but identical in sediment concentration.
It may be reasoned further, that t}- magnitude of error in a sample due
te deviation from the normal intake rate would bear a relatlon to the
area of the mouth of the nozzle. Te¢ investigate this, +tests were made
with two standard nozzles, whose entrances were 0.375 in. and 0.15 in. in
diameter, for direct comparison with tests on the rozazle 0.250 in. in
diameter.

Results of the tests on the 0.375-in. and 0.l3-in. nozazles, together
with the corresponding test on the 0.25-in. nozzle, are shown in Fig. 18.
These data indicate that the size of the mouth of a nezule has compara-

tively little effect upon the accurascy of samples collected. Errors in
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Fig. 16--Effect of nozzle gize on errors in sediment concentration.
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the sediment concentration of a sample resulting from deviations from the
normal sampling rate, are somewhat larger with smeller nozzles, but at
the norm... sampling rate, the samples collected through nozzles of

.different sizes were ldentical in concentration.
These results from the collection of samples identical in sediment

concentration with nozzles of different mouth areas gerve to verify the

accuracy of the standard sampling conditions.

17. Effect of sampler nose design on errors in sediment concentra-

tion--A sampler, as does any stationary object in a flowing stream, in-
"fluences the flow pattern of the suspension approaching it, and thereby
tends to affect the filament collected as =z sample.

Tests were made with sampler nozzles modified in various ways from
the standard design to evaluate the effect of nozzle shape upon the
samples collected. These test nozzles, all of which were faced directly
Into the flow so as to be comparable to a standard nozzle in the normal
position, consisted of:

a. Nozzles modified at the mouth, with edge bluntly
rounded, beveled onoutside, and beveled on inside as illustrated

by Fig. 17 a, b, and'c, respectively.

b. Intake simulating ablunt sampler nose with sharp edged
mouth, beveled mouth, nozzle extensions in front of the nose

1/2 in., 1/4 in., and 1/8 in. long as illustrated by Fig. 21
a, b, c, d, and e, respectively.

€. An exact replica of the nose of the Rock Island time-
integrating sampler, shown in Fig. 66 of Report No. 1, and this
replica with a nozzle extension 1 in. long in front of the nose
as illustrated by Fig. 23 a and b, respectively.
Figs. 18, 19, and 20 show the results of the tests on the three
nozzles which were modified only at the mouth. The nozzle with rounded

edge shows an appreciable decrease in the magnitude of the errors due to
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deviations from the normal sampling rate, and when operated at the normal
rate, collected samples identical with the standard. The data show that
there is a negligible difference in the action of the nozzles, whether
beveled on the inside or cutside or on both sides, as in *he case of the
standard nozzle. A nozzle beveled on tne outside tends tocollect slightly
more sediment than a standard nozzle under the same relative intake rates,
while the nozzle beveled on the inside tends to collect slightly less.

The sampling rate was computed, for each of the beveled nozzles,
using as the effective area of the mouth the area defined by the sharp
edge. In the case of the nozzle with the rounded edge, the effective
area was based on & mean of outside and inside diameters. If the ares
of +this nozzle were considered to be the inside area, and computation

of intake wvelocity were made accordingly, the curve shown onFig. 18 would
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be shifted along the norizontal axis, and would show an excess of sediment
collectea in the samples even at the normal intake velocity, and con-
sequently an increage in tne magnitude of errors for the slower rates.

Results obtained with the blur* nose sampler intakes are shown by

II-*J

ig. 22, From these data it is seen that all of the noz2zles shown in

3

ig. 21 act in a manner similar to that of the standard nozzle. The

sampling rate affected the &accuracy of the samples more than do small
deviations from the standard nozzle shape. It can be reasoned that the
curves shown for each respective intake would be affected by the vari-
ables of sediment size, stream wvelocity, and size of mouth in a way simi-

lar to the curves obtained with standard nozzles.
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The blunt nose intake with sharp edged mouth and wilthout nozzle
extensions collected 1R per cent excess of sediment at the normal intake
rate. At lower sampling rates, it approached the action of the standard
" nozzle. The action of the blunt nose intake was_ improved slightly by
baveling the edge of the mouth 1n which case only 6 per cent excess of
sediment was collected at the normal intake rate. At low intake rates this
nozzle collected samples slightly less in error than did the standard,
but the difference is unimportant in comparigon to the error caused by
the slow rate.

Nozzle extensions of 1/2 and 1/4 in. in front of the nose gave re-
sﬁlts which were the same as thoce obtained with a standard nozzle.
Results of these tests were not plotted because they were so nearly the
same as those of the standard nozzle. The 1/8-in. nozzle‘extension was
not sufficisnt to obviate the effect of the blunt nose, but it changed
its action so that, at the normal rate, instead of collecting an excess
of sediment the nozile collected insufficlent sediment.

The actual lengths of these extensions are meaningless unless com-
pared dimensionally with the gize of the mouth,‘and the size ahd shape of
the nose. As sufficient data were not collected to allow a reliable
. dimensionless correlationcﬁ'these factors, concluslons as to the effective
length of nozzl; extensions must be avoided.

lFig. 24 shows the results of tests with the replica of the nose of
the Rock Island sampler, with and without an extension of the nozzle
as 1llustrated in Fig. 23. The data show that a sampler of this type
collects a considerable excess of sediment, even at a normal sampling

rate, With the nozzle extended 1.0 in. in front of the hose of the
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sampler, the effect of the nose upon the suspension was relatively
negligible. Observations were made to verify the wvalidity of these data,
and it was concluded that, although the presence of so large a nozzle in
the sampling section disturbed the distribution of seaiment, in general,

the results stated above were correct.
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Fig. 24--Effect of Rock Island sampler nose
on errors in sediment concentration.

It is epperent from these data that, in the use of any nozzle facing
inte the stream, +the sampling rate is +the primary factor to be con-
trolled. Furthermore, the intake to the sampler should be extended up-
stream beyond the point where the streamlines are affected by any blunt

section of the sampler,
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18. Effect of flap valves at sampler intakes--Flap valves, commonly

placed above the mouths of instantaneous, horizontal trap samplers, un-
doubtedly cause disturbances in the water-sediment filament approaching
the mouth of the sampler. To evaluate the general magnitude of the effect
of such conditions upon the regular operation of a sampler, tests were
made with models of flap wvalves in the open position attached to the
standard nozzle and protruding over and in front of the mouth of the
nozzle. Although these tests did not duplicate the operation of insten-
taneous samplers, the results are believed to be representative of re-
sults obtained with such samplers, inasmuch as the phenomenon involved is
fundamentally the same.

Flap valves, as illustrated by Fig. 25, were tested in sach of three
positions, namely:

a. Valve extended hﬁrizontally from top of nozzle mouth.

b. Valve deflected upward froum the top of the nozzle mouth
at an angle of 30° with the horizontal.

¢. Valve deflected downward from the top of the nozzle at
an angle of 30° with the horizontal.

Eaéh test consisted of a series of samples collected at different sam-
pling rates.

| Results of these tests s&are shown in Fig. 26. The curve from the
basic standard sampler in the normal position without flap valves is re-
peated for comparison. The'se data show that the flap valve in the hori-
gontal position had relatively little effect on the acéuracy of the samples
cellected through a standard ‘nozzle. The flap valve inclined upward
tended to deflsct an excess of sediment into the nozzle, and the flap

valve inclined downward, obstructing the flow directly into the nozzle,



54 Section 18
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had the opposite effect. Although the effects of these appurtenances
were small in comparison to the magnitude of the errors which result froml
an 1incorrect sampling rate, they should be avoided if possible where

highly accurate sampling 1ls desired.

19. Errors in sediment concentration of samples collected with

nozzles in vertical position--Several nozzles were oriented in the test

conduit to simulate sampler entrance cbnditions in the common slow filling
or bottle type samplers and to some extent in vertical trap samplers. For
photographs and descriptions of these samplers, reference is made to
Report No.'l of the study of "Methods Used in Measurement and Analysis of
Sediment Loads in Streams," Sections 47 to 53 for vertical trap samplers
and Sectlons 63 to 81, 89 and 20, for the slow filling samplers. Samplers
of these types have mouths which do not face into the stream flow and a
sample entering them must undergo a 90° change of direction, and con-
sequently there 1is a tendency for segregation and 1loss of sediment to
take place.

Several of the samplers referred to are constructed with sepaéate
air exhausts so that the inflow of the sahple is steady and continuousl
In those not so equipped the flow pattern of an entering sample is dis-
turbed by the spasmodic escape of air. Such disturbance, or bubbling
action, and its effect upon the sampled filament, was neglected in these
tests. The various nozzles oriented in the vertical position were tested
with the same procedure as described in Section 11, each test consisting
of a series of samples collected at different sampling rates. The sampling

rates were expressed, as in the tests with nozzles facing into the streanm,
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by the‘ratia of the wvelocity in the mouth, intake velcoeity, to_the stream
veiocity. Although the physical significance of such a ratio is not
clearly defined for these conditions, it is a convenlient factor to use in
pfesenting the results. The entrance conditions as established by the
variable factors of stream velocity, sédiment size, and physical featufes
of the sampler su;h as size, shape, aﬁd size of mouth, were varigd for

the different tests to allow evaluation of the effect of each factor

separately.
The nozzles consisted of the following:

a. Standard shaped nozzles, in each of two mouth sizes,
placed in the vertical position as illustrated by Fig. 27.

b. Intakes consisting of orifices, 0.150 and 0.250 in. in

diameter, in the top surface of a2 thin horlzontal plate as
illustrated by Fig. 31.

c. Intake consisting of an orifice, 0.250 in. in diameter
in the top surfacs of a mushroom disk as illustrated by Fig. 35.

These nozzles were designed to approximately simulate the entrance
conditiéns of actual samplers and are not exact replicas of any one

Sampler.

Tests with the standard nozzles in the vertical position were made

as follows:

a. Four tests, using 0.45-mm., 0.15-mm., O0.06-mm., and
0.01-mm. sediment, respectively, with 0.25-in. nozzle ard stream
velocity of 5 ft. /sec

'b. One test, using 0.15-mm. sedlment with 0.25-1n. nozzle
and 3 ft./sec. stream velocity for comparison with similar test,

above, at 5 ft./sec. stream velocity to show the effect of this
factor,

c. One test, using 0.45-mm. sediment, with 0.15 in. nozzle
and 5 ft./sec. stream velocity for comparison with similar test,
above, with 0.25-in. nozzle to show the effect of nozzle size.
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Results of the four tests with various sizes of sediment are presented
in Fig. 28. Large errors in the sediment content of a sample resulted
from the abrupt change in directlon of flow at the mouth of this sampler.
The errors‘-, all negative, demonstrate that the sediment was segregated
from +the sampled filament of water as it turned to enter the sampler.
The sediment particles passed on and did not enter the mouth of the sam-
pler. The factor which affected the magnitude of the error most was the
sediment sizes as shown by the four curves in- Fig. 28. At any sampling
rate, the error increased with sediment size up to the 0.15-mm. sediment
but there was little difference in the results obtained with the 0.15-mm.
and 0.45-mm. sediments. The error varied greatly with the sampling rate;
from a very high value at low rates to a smaller and nearly constant
value at normal and faster rates. With the smaller sizes of sediment,

the error varied less markedly with the sampling rate but was still nega-
tive and of appreciable magnitude.
Results of two comparable tests, differing only in stream veloclty -
are presented in Fig. 29 to show the effect ¢f this factor upon the
| magnitude oflthe errors. The'error was larger with the faster stream
velocity, but the effsct of stream velocity was small Iin comparison to
the megnitude of the total error caused by the orlentation of the . sampler.
Regults of +two comparable tests with different sizes of sampler
“mﬁﬁtﬂs but with all other conditlons the same are shown in Fig. SO. The
magnitude of the error varied inversely, and to an appreciable extent,
with the size of opening, larger erroré regsulting with the smaller nozzls.
Tests with intskes cdnéisting of an orifice In a flat horizontal

plate, shown in Fig, 31, were made as follows:
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a. Three tests, using 0.45-mm., 0.15-mm., and 0.06-mm,
sediment, with intake 0.250-in, diameter and stream velocity of

5 ft./sec. '

b. Two tests, with stream velocities of 4 ft./sec. and

3 ft./sec., with intake 0.250-in. diameter and 0.15-mm. sediment 7

for comparison with similar test above at 5 ft./sec. to show °

the effect of stream velocity.

c. One test with intake 0.150-in. diameter and with

0.15-mm. sediment and 5 ft./sec. stream velocity for comparison

with the similar test above with intake 0.25-in. diameter to

show the effect of mouth size.

Results of the three tests with different sizes of sediment are
shown in Fig. 32. As in the tests on the standard nozzle in the vertical
position, the error in sediment content of a sample was negative, demon-
strating the loss of sediment from the sampled filament as it turmed to
enter the mouth of the sampler. The magnitude of the error, as in all
previous tests, decreased with smaller sizes of sediment, but this tend-
ency was less evident with the two large sizes of sediment, 0.15 mm. and
0.45 mm., respectively. For +the particular conditions of these three
tests, the sampling rate had 1ittle effect upon the magnitude of error.
The three tests at different stream velccities presented in Fig. 33, in-.
dicated that as the stream velocity decrzased the proportion of sediment
entering the sampler increased, resulting in an excess of sediment being
collected when the stream velocity and relative sampling rate were low.

The two tests in which size was the variable, presented in Fig. 34,
indicated that both the magnitude of error and the relative effect of the
sampling rate on the error in sample concentration, were dependent on the
mouth size.

From these tests with flat plate nozzles, it was concluded that the

entrance conditions and their effect upon a sample are too complex for
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thorough analysis without more exhaustive tests. It can be reasoned that
there are two general phenomena affecting the relatiﬁe behavior of the
sediment and water passing and entering a sampler of this type. ‘The one
already discussed is that the sediment, being of greater density than the
water, tends by its greater inertia to iesist the sharp directional change
and passes by the sampler mouth. The second arises.from the efféct of
the flat plate upon the flow characteristlcs. In the suspension adjacent
to the plate, boundary conditions are set up which are similar to those
along the boundaries of a conduit. Turbulence is decreased in this laysr,
resulting in the settling out of sediment along the surface of the plate |
and the movement of the sediment in higher than normal concentrations
until 1t drops into the mouth of the sampler as excess sediment. These
two phenomena are opposite in nature and effect; the former predominating
at higher stream velocities, and the latter at lower velocities. A con-
dition may be considered, with a suspension of sediment varying widely in
particle sizes, in which samples would contain insufficient quantities of
small sizes of the sediment and an excess of the large sizes.

Results of the single test with the mushroom shaped sampler intake,
shown in Fig. 36, dindicate +that i1te action was similar to that of the
other vertical intakes. Exhéustive tests were not made with this nozzle,
as there was no 1indication of advantages to be gained in a sampler de-
signed along these lines. It seemed probable that a& thorough analysis
of the intake conditions into this nozzle would be complicated by the

same variable factors and phenomena affecting the flat plate nozzle.

20. Errors in sediment concentration of samples rollected through

sampler intake horizontal and normal to flqw——It was pointed out in
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il
Fig. 31 - Sampler intake in vertical position; orifice In flat plate.
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Fig. 55 - Mushroom shaped sampler intake in wertlcal position.
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Section 19, in the discussion of results of tests on flat plate nozzles
with the plate horizontal, that two fundamental factors probably in-
fluenced the behavior of a water-sediment suspension entering such a
sampler. The factors are:

a. Sediment resisting the right-angle change of direction
of flow and passing the sampler intake.

b. Sediment settling and moving along the surface of the
plate in higher than normal concentration to drop into the
sampler mouth as an excess in the sample.
The effect of the firat of these factore should be nearly the same whether
the flat plate is horizontzl or wvertical, so long as the plate paralleled
the stream flow, since the directional change of flow would be the same
in either case. The second fector, however, should have no effect on a
flat plate sampler intake oriented horizontal and normal to the flow.

To obtain data which would show the validity of the above hypotheais
and perhaps permit evaluation of the second factor, when compared with

data presented in Section 13, tests were made with the flat plate sampler

intake placed in the conduit as illustrated in Fig. 37.

[
L

Fig. 37--Flat plate sampler intake horizontal and normal to flow.
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Tegts of the flat plate sampler intake horizontal and normal to flow
were made as follows:

8. Two tests, using 0.45-mm. and 0.15-mm. sediment, with
the 0.15-in. mouth and stream velocity of 5 ft./sec.

b. Twoc tests with sediment and stream velocity conditions
same as above but with the 0.25-in. mouth.

¢c. One additional test witha stream velocityof 3 ft./see.,
0.15-mm. sediment, and the 0.15-1n. mouth.

Results of the four tests described in a and b are shown in Fig. 38.
The negative error was large in magnitude and was definitely a function
of the gediment slze. It varied to some extent with the sampling rate,

.increasing wlith decreasing intake veloclties. The magnitude of the error
was not affected materlally by the dlffergnce in mouthu size.

Results of the two tests at & and 3 ft./sec. stream velocity, other
factors the same, are shown in Fig. 29. The effect of the stream wvelocity
upon the magnitude of the error was practlcally negligible and not clearly
defined by the data.

A comparison of the curves in Figs. %8 and 39 with similar curves in
Figs. 32 and 33, respectively, illustrates the relative effects of the
two intake phenomena discussed above. The negative errors discusded in
this sectian were all greater in magnitude for a given set of test con-
ditions than were the errors discussed in Section 13. This fact verifiss
the analysis presented at the beginning of this section, since, as was
noted in Section 19, the two factors thought to affect sample concentra-

tion, flat plate Intakes oriented vertically, tend to offset each other.
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IV. DEPOSITION OF SEDIMENT IN INSTANTANEOUS HORIZONTAL SAMPLERS

21. Scope of deposition study--The usuel form of an instantaneous

sampler consists of a horizental cylinder with a mechanism at each end
designed for instant closing. The sampler 1is usually suspended at any
degired point in a stream by means of a cable. The cylinder iz maintained
in a horizontal position parallel to the stream flow by means of a vene
and fins fastened to the sampler in & manner which will not obstruct
stream flow. Water flows freely through the cylinder until the operation
trips the instant-closing mechanism thereby entrapping a sample. Under
certain conditions it has been observed that samples which contain an ex-
cess of sediment were collected in such types of samplers. In corder to
investigate this phenomenon‘ a series of experiments ﬁere carried out in
the recirculating apparatus described in Section &5 of this report. The
scope of the study'was very limited, but in order' to make the record of
the experimental work complete, the following description of the tests and
statement of results is presented.

This‘excessive deposition of sediment probably largely results from
a reduction of the vertical velocity componénts in the filament enfering
the sampler. Generally, flowing water possesses turbulence with momentary
eddies which have ﬁpward velocity components of sufficient magnitude to
elevate sediment particles in the stream. When the filament enters the
mouth of the sampler the vertical components are reduced by the boundaries
of the horizontal tube; therefore, some of the larger particles in suspen-

sion settle to the bottom of the sampler. The reduction of wvelocity due

to the friction on the inside of the sampling tube would also tend to
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produce settling. The settling tendency is offset somewhat by the dis-
turbance which occurs at the entrance to the tube, or which may be set up
by roughness within the tube. However, under favorable conditions, the
coarser sediments may accumulate, and if the sampler is left open for a
relatively long time, considerable erior in the sec iment concentration of

the sample may result.

22, Test procedure--These tendencies for sediment to accumilate in

a horizontal trap sampler were observed with a transparent cylinder 1-1/4
in. in diameter and 14 in, long, placed in the transparent test section
of the conduit. The tests included observations with:

g; The cylinder with smooth unobstructed inside surface,
and sharp edged mouth.

b. The cylinder equipped with model flap valves in the
open position to cause more turbulent flow in the cylinder.

¢. The cylinder equipped further with twe brass bands

1/18 in. thick and 1/8 in. wide, spaced along the inside,

3-1/2 and 7 in. from the upstream end.

In each test the flow through the cylinder was cbserved as the veloc-
ity of the circulating suspension was gradually decreased from 5-ft./sec.
The velocity allowing sediment to accumulate in the cylinder was main-
tained for a period of about 20 min. during which time a standard sample
was collected to establish the true concentration of the suspensgion.
The flow was then stopped, the cylinder capped and removed and its sample
analyzed for comparison with the true sample. Tests were made with the

nominal 0.15-mm. diameter sediment.

23. Test results--In each test, as the suspension was passed through

the cylinder at the higher velocities, sediment was observed along the
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invert of the cylinder in higher than normal concentrations. As the
stream velocity was reduced, the sediment moved along in the cylinder in
g wave form similar to that of bed locad movement. As fhe stream velocity
was still further reducéd, it became incapable of moving the sediment
along the bottom of the cylinder and there was a distinct, continuous
accumulation of sediment in the cylinder. Results of several quantitative
measurements of this accumulation are presented in Table 1.

The model flap valves installed at the mouth of the cylinder prevented
the accumulation of sediment for-a distance of approximately 3 in. down-
~gtream from the mouth, but beyond +this point the valves had very littls
. effect upon the conditions within the cylinder. |

The bands inside the cylinder served to increase the turbulence and
greatly decrease the amount of sediment accumulation. Although samples
were not obtained with this condition, the phenomenon was observed. No
trouble was experienced with sediment being piled upin front of or behind
the rings, but that condition might occur with some shapés of obstruction.

Data from the three quantitative tests made with. the horizontal

cylinders are tabulated below:

TABLE I

TEST DATA--SEDIMENT DEPOSITION IN HORIZONTAL CYLINDER

Condition of | Stream Time of True . | . Sample Increase in
cylinder Velocity Operation Conc. Conc., Conec.
fi./sec. Min., | p.p.m. R.P.M. |P.P.M, PEr min.
© Smooth 1.7 20 54 314 13
Smooth 1.1 22 , 4 1370 62
Flap Valves 1.1 . 23 3 805 28
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Because of the limited scope of these experimenté,. no conclusions
can be drawn .as to the weight which this phénomenon should be given in
arriving at the accuracy of the instantaneous horizontal trap sampler.

The tube used in the tests had alsmaller diameter in proportion to
its lgngth than is generally found in existing tynes of samplers and it
is probable that this did produce relatively largerl gediment deposits
within the tube. The sediment used was also much coarser than that
usually foupd in streams which would also result in larger deposits. The
deposition occurred only under alharrﬁw fangecﬁ‘velocities and turbulence
conditions whlch might rarély “ be duplicated in natural gtreams. The
'éxperiments demonstrate only that under favorable conditions, deposition

may occur 1ln some types of these samplers.
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V. INACGURAGIES DUE TO SEDIMENT ADHERING TO SAMPLERS

24, Source of error in transférring samples--In most of the instan-
taneous trap samplers and in some of‘the integrating samplers, the con-
tainers are not remdvable and the sediment sémples when collected in them
must be poured into other containefs for shipment to the laboratory
{Report No. 1, Section 45). Difficultiesrare commonly experienced in re-
moving all the sediment from a cﬁhtainer witﬁout rinsing with excess
clean water. Even with intense sﬁaking of the sample aéit is poured out,
gsome of the fine sediment may adhere to the walls of the container and
some of the coarse particles may fail to pour out with the water. As the
total amount of sediment. in ordinary samples is usually small, the loss
of & minute amount of sediment may constitute a large error in the con-
centration of the sampls.

The magnitude of an error of this nature, varying as it does with
the features of the sample container, the characteristics and amounts of
sediment, and the détails of the emptying technique, cannot be established
for all conditions without exhaustive tests. A few tests were made to
indicate the order of magnitude of errors which might occur with several

common samplers.

25. Test procedure--The sample containers of three representative

samplerg were tested to determine the amounts of sediment which might be
retained in them when their samples were emptied. Tﬁése'samplers were
the Vicksburg horizontal toggle trap'ﬁampler, the Omaha time-integrating
sampler, and the Rock Island simplified time-integrating sampler as

described in Sections 66, 90, and 88, respectively, of Report No., 1.
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The horizontal cylinder of the Vicksburg sampler was removed from
the weight so that it could be shaken more vigorously when emptying the
sample. 3ecause the sample .-container of the Omaha sampler is removable
and can be sent directly to the laboratory for sample analysis, loss of
sediment by adherence to the container was not corsidered a problem, but
tests were made to determiﬁé the amounts of sediment adhering to the cork
float device within £he'éé;ﬁiéf.fl The Rock Island sampler was suspended
to facilitate shaking and emptying the sampleé.

For each determination, the sampler was filled with a suspension of
distilled water and a known weight of sediment, This fixed sample was
thoroughly mixed by vigorously shaking the sampler, and then was quickly
poured out fér an analysis of its final sediment content. The sediment
left in the sampler was washed out and dried to provide a direct check of
the amount lost from the sample. Five determinations were made, using as
near;y as possible the same technique for each condition and sampler
tested.

The tests of each sampler consisted of a series of determinations
with each of four sizes of sediment, 0:01 mm., 0.06 mm., 0.15 mm., and
0.45 mm., at concentrations of 500 and 100 p.p.m. The Rock Island sampler,-

also was tested with each size sediment at 2000 p.p.m. concentrastion.

26. Test resultg--Results of - the tests are presented in Table Z.

Fach value given in the table is a percentage of the total sediment in
the original sample and is an average value based on five separate
determinations. The individual determinations varied considerably, being

as much as S50 per cent above or below the average value.
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TABLE 2
SEDIMENT RETAINED IN SAMPLERS; PER CENT BY WEIGHT
_Rocl Istand Vicksburg Omaha
Sediment 500 - 1000 20C0 500 1000 500 1000
mem, psP.M.| P.P.M.| P.p.M. PsPoMs | DeRom. p.P.Mm.| p.p.M,
0.01 2.2 2.5 2.3 .1l 2.4 1.2 1.1
0.06 9.3 8.0 2.1 12.5 8.2 2.1 1.9,
0.15 7.6 6.2 | 9.0 15.4 8.0 1.9 5.7
0.45 8.6 4.9 9.6 15.4 ! 9.6 0 0

These data show that appreciuble amounts of sediment may be retained

in a sampler when a sample is poured out into another container. The

residues indicated are probably cmalier than would result under average

field conditions because the vigorous shalking just prior to pouring the

samples ocut in these experiments is less favorable to ceposit than when a
sampler is being raised up and emptied under comparatively quieter field
conditions, The errors ir tests with the Omaha sampler wers due entirely

to the deposit of sediment on tae [loail closing device, and these were

apparently lesg in magnitude than the errovs with the other samplers. No
correlation of the sampler, the sadiment size and concentration, and the

resulting errors was cbtained.

It should be noted that the values in Table 2 indicate the per cent

of material retained in the sampler and are not necessarily the errors

which would result in taking consecutive samples.  Assuming that the

sampler was clean prior to taking the first sample, the residues indicated
in Table 2 are typical of the errors in the first sample. If the deposits

left from the first sample in a sampler of the horizontal trap type were
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washed out by the flow through the tube before taking the following
samples, the residues would also be representative of conditions for sub-
sequent samples. In horizontal tube sampler if previous samples are not
entirely cleaned out, and in samplers like the Rock Island type, where no
“currents flow through the container, che deposits Trom one sample washes
out more or less into subsequent samples, with a general tendency to in-
crease samples of low concentration and decrease those of high concentra-
tion, However, if the same samples were more thoroughly cleaned out than
othgrs, in some cases high concentrations would be increased and low ones
décreased. Much more extensive research would be necessary to evaluate

the importance of errors due to this cause in stream observations.
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VI. FILLING CHARACTERISTICS OF SLOW FILLING SAMPLERS

27. Nature of testg--The filling action of a number of suspended

sediment samplers of the slow filling, rigid container type was studied
in various sampling depths and stream velocities. The test was designed
to secure basic information necessary in making a theoretical analysis of
the depth-integratién method of sampling z vertical as performed by two
common samplers, and to allow a pracfical correlation of the results of
the tests of wvarious entrance conditions, presented previously in this
report, with the actual filling characteristics of existing samplers.
The tests of the entrance conditions showed that the sampling or filling
rate was one of the most important <{actors affecting the accuracy of the
sediment concentrations in the samples collected.
These tests of samplers involved the determination of:
a. Filliﬁg éharacteristics in still water.

b. Initial inrush or effect of initial pressure differ-
ential.

c. Effectiveness of filling rate adjustments such as
varying size of intake and size of 2ir exhaust.

d. Effect of lowering and raising a bottle type sampler
upon its filling rate.

e. Effect of stream velocity on filling rates.

]

28, OSamplers tested and their alterations for tegt-—-The samplers

tested represent types of slow filling samplers and, except for the Frazier
sampler, which is a relatively new design, have been extensively used in

sediment investigations. In making the tests it was necessary to open or

close the sampler at any desired depth or time =and the samplers were
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altered, where necessary, to allow this operation. Descriptions of the
five samplers tested, with details of the alterations, are given in the
following paragraphs:

a. Colorado sampler--The Colorado sampler, shown in Fig.
40a, which was developed and used by the U. S. Geological Sur-
vey, consists essentially of a pint milk bottle suspended in a
simple frame. The bottle is capped by a rubber insert having a
hole of such diameter as to obtain the desired rate of filling.
Prior to sampling, the hole is closed with a rubber stopper. At
the desired sampling point, the stopper is removed by a simple
lever system actuated by the impactof a messenger weight dropped
down the suspending
cable. No provision is
made for closing the
bottle after the sample
is collected. When nec-
essary, & current-meter
welght may be suspended
from the bottom of the
sampler.

In the altered form
of this sampler, il-
lustrated in Fig. 40b,
the lever gsystem was
reversed so that the
weight, when dropped
down the suspension
line, closed the sampler
by forcing the rubber
stopper into the bottle
opening, instead of re-
moving it. A pull on
an auxiliary line opened
the sampler. At shallow
depths the opening mech- a. original sampler b. sampler with

anisms were actuated by alterations
a rod in place of the
drop weights. Fig. 40--U.5.G.8. Colorado Sampler

b. Straub sampler--The Straub sampler, shown in Fig. 4la,
also utilizes a pint milk bottle for the sample container. The
bottle is clamped securely in the sampler frame between two
rubber faced grips, the lower one being adjustable by means of
a heavy screw. Prior to sampling, the bottle 1is closed by a
valve which is seated over a 1-in. opening in the upper bottle
grip. A trigger mechanism holds the valve in the closed position
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against the tension of
g2 coiled spring. A mes-
senger weipght dropped
down the suspension line
trips the {rigger and
the valve is raised by
the spring to the open
position. The water
sample flows through
the opening, =and when
full, the sampler is
closed by a cork float
within the bottle. Cur-
rent meter weights may
be added below the sam-
pler, if necessary.

In using the sam-
pler in these tests it
was opened as in the
original design. To
close the sampler at
the desired time, rTe-
guired that the handle a. originsl ssmpler b. sampler with

actuating the closing alterations
valve be forced down-
ward. This was accom- Fig. 41--Straub Sampler

plished by an auxiliary

line attached to the

handle and linked through a pulley on the frame of the sampler,
as shown in Fig. 41b. When +this line was pulled, the cover
mechanism was forced down over “hes intake and locked in the
closed position by the catch.

¢. Frazier sampler--The Frzzier sampler, shown in Fig. 42,
is a2 slow, smooth filling sampler recently developed by the

1B~ Mhein gawgier ooy fa Y - Tl Firaf evapht B = Py segoved weawph

be wbdmerged  The sloppar ;3 higs been Ovmpped, o gy bren grapped.  The sfemger dan
sealeal = iebgie Fuoba slopger Fris afahe fube beem relvaged (rom e W mek
oifaw iy fha Botrie Al | @y har Been Belied ok

Wi fhe hottle by P spesg

Fig. 42--8ketch of Frazier Sampler showing method of operation.
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U. 5. Geological Survey. The sample container is a pint milk.

bottle clamped into a recess in a streamlined bronze weight. A
sealing device inserted in and covering the mouth of the bottle
hes a 5/8-in. diameter hole at the top through which moves a
5/16-in. diameter tube, with a stopper at the top for closing
the 5/8-in. hole. This tube, in addition to guiding the stopper
serves as an air exhaust, the air escaping through two 1/16-in.
diameter vents located at the *op near the stopper in the down-
stream side. The sample enter. the 5/8-in. hole in the insert
in the area not obstructed by the tube. The rate of filling
mey be controlled by varying the distance the stopper is lifted
above the opening. The double trip mechanism for opening and
closing the bottle 1is built into a flat stainless steel tube
which also acts as the connection between the bronze weight and
the suspension cable. A messenger weight dropped down the sus-
pension cable depresses & plunger and allows the heavy bronze
weight to drop 1 in. By this action the stopper is raised from
the sealing device and the water flows into the sampler. At
the impact of & second messenger weight, another trip action
releases the stopper which is pulled back into the sealing
device by a small coil spring and closes the sampler. The trip
mechanism, utilizing the bronze weight for the motivating force,
is very positive in action. Since this original design provided
for both opening and closing, the sampler was adaptable for
these tests without alteration.

d. Omaha sampler--The Omaha sampler, shown in Fig. 43a,
is a smooth filling time-integrating sampler designed by the
Omaha U. S. Engineer District of the War Department and has been
used in extensive sediment Investigations in that district.
The sample container iz a wide-mouth glass jar, of one pint

8. original sampler b. sampler with alterations

Fig. 43--Omaha Sampler
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capacity, that ia entirely enclosed in m recess in a stream-
lined weight. The brass screw cover for the container has a
1/4-in. diameter orifice for the water intake and a 1/4-in.
diameter tube for an air exhaust. This tube extends wvertically
about 1.5 in. up from the cover and has the top cut obliguely
so that the opening for air escape faces downstream only.

A large cork float, suspended beneath the 11d, closes
both intake and the air exhaust tube when the bottle 1= full,
but no provision is made for keeping the sampler from filling
during its descent to the desired depth. To accomplish this
for these tests, the sampler was altered as shown in Flg. 4%b
by providing stoppers which could be pressed against both the
water intake and air exhaust openings by means of a rigld handle
extending above the water surface.

e. Rock Island sampler--The Rock Island sampler, shown in
Fig. 44a, consists essentially of a horizontal sample container
with an intake tube and controlled air exhaust. The intake
opening, 1/4-in. in diameter, is flush with the upstream end of
streamlined sample contalner, and faces directly into the stream
flow. The air exhaust tube, 3Z/16-in. inside diameter, extends
upward and is inclined downstream +to provide suction for the
evacuation of air from the sampler. The exhaust tube is pro-
vided with a brass stop cock which is adjustable toregulate the
rate of air escape so that the rate of filling may be controlled.
No provisions are made for opening or closing the samplers.

The sampler was altered by the addition of rubber pad
stoppers which were held in place over the water intake and air
exhaust openings by springs. These are illustrated in Fig. 44b.
To bpen the sampler these were held away from the openings by
maintaining tension on an auxiliary line. By releasing the pull,
the stoppers were forced back over the openings by the springs,
closing the sampler.

a. original sampler b. samplers with
alterations

Fig. 44--Rock Island sampler
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29, Test procegure--The procedure in making the test will be de-

scribed individuzlly for the three basic conditions considered.

a. Filling characteristics in still water—-The tests in
still water were made in an abandoned quarry where depths
greater than 50 ft. were available.,  An ice cover facilitated
the work. The samplers were cuspended by a cable from a winch
which rested upon the ice anc parmitted lcsering and raising
the samplers as desired through holes or slots cut in the ice.

For a selected depth the filling data for a sampler was
secured by lowering the closed sampler to the desired peint and
then opening for a short period of time. The periods of time
sliowed for filling wvaried from 1 sec. up to a time necessary
to fill the container. The volume of each sample as measured
in & graduated cylinder was ploited against the corresponding
filling time producing filling curves whose slopes represent
filiing rates. This procedure was followed for a number of
depths with ezch sampler.

For the Rock Island and Frazier samplers the effect of the
gize of the air exhaust opening &and of the size of the intake
opening, respectively, were studied using this same procedure.

b. Vertical transit--Effect of vertical motion of the
Colorado sampler wupon its {filling rate was determined for a
limited range of conditions. As with the filling determinations
in still water, the fillirg rates were necessarily determined
indirectly from a tims-volume relationship established by a
number of individual observations. Each observation, with
sampler descending, consisted of lowering the open sampler at a
uniform rate, 1 or 2 ft./sec. used in these tests from the
surface tc a selected depth where the sampler was closed. By
gsecuring a rumber of sAmples at different depths, corresponding
to the varicus times allowed for filling, the f£illing rate was
determined.

Individual tesis with sampler ascending were made by first
lowering the closed sampler below the selected depth of opening.
The uniform rate of raising was then established, and the
sampler was opened as it passed the desired depth. It was left
open for a known periecd of time, which established the depth
ranga semnled, A series of such samples, differing only in
time allowed for filling ard consequently the depth at which
the sampler was closed, was obtained for each of two depths of
opening with each of two rateg of raiging.

c. Flowing water--The tests Lo determine the effect of
stream vsiocity upon the sampler filling rates were made in a
large flume 1C ft. wide and 114 ft. 1long, which was equipped
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with a controlled nesd pate and with a bulkhead at the down-
stream end. Velocities up to 8 ft./sec. were attainable, and
the actual velocity at the sampling point was measured with a
Price current meter. The samplers, with the exception of the
Frazier, were suspended in tois flume as illustrated by Fig. 45.
The Frzzier sampler was not tied to the bottom of the flume,
but was held zgainst the current by a stay wire attached to its
noge. Fach sample was collected by lowering the closed sampler
to the sampling point in the known stream velocity and opening
it tosllow filling for a definite period of time. From a sample
s0 collected, tne volume entering in the first second, termed
initial inrush, which is discussed in Section 20, was subtracted
and only the remainder wused in the filling rate computation.

USGS TYPE A
SOUNDING REEL

REEL STAND
!

. FIXED PULLEY

Fig. 45--Method cof suspending zamplersz in flume.

50. Filling characteristics--The results of the tests at various

depths in still water, with all the samplers except the Omaha, are pre-
sented in Fip. 46. These plotted data show the quantity of water collected
during the time the sampler was open, and the slope of a curve at any
point represents the filling rate. Results of tests with the Omaha sampler
are not presented because of irregularities in the data; the reasons for
which will be discussed in a later paragraph of this section.

An analysis of these curves reveals two important filling actions,

which are characteristic of all the samplers tested.
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\

a. Initial inrush--Immediately a sampler is opened, an
inrush of water occurs, which is volumetrically a function of
the depth of submergence, and may represent a considerable per-
centage of the total sampler capacity. It is termed initial
inrush in this report because of its high rate of inflow.

b. Normal filling—-The average filling rate, after the.
initial inrush, is substantially a constant for any one sampler
and is unaffected by the depth of sampling. It may be either
uniform and smooth, if a separate air exhaust 1s provided, or
intermittent if a single opening must serve for both air escaps
and sample intake.

The initial inrush represents the volume decrease of the air within
a sampler, corresponding to its compression from atmospheric pressure to
the hydrost&ﬁic pressure at the particular sFmpling depth. During this
action no air eécapes and the filling rate isza function of the pressure
differential from outside +to inside ‘the samﬁler. At the instant the
sampler is opened, this pressure differentiallis a maximum, equal t® the
full hydrostatic pressure aﬁ the sampling poin*, and, consequentiy, the
£illing rate isia maximum. Both pressure dif#erential and filling rate
are quickly reduced as the air in the sampler is compressed, and when the
pressure differential reaches zero, the filling becomes the normal action
involving a displacement of air. The initial inrush pericd was found to
oz 1ess than 1l sec., but because Jf the inab#lity to collect samples for
chorter periods, the quantity collected during the first second after a
sampler was opened was considered as resultiﬂg.from initial inrush.

After +the 1nitisal inrush, and the compression of the air to a
pressure practically equal to the hydreostatic pressure at the depth is
completed, the filling takes place as a displacement of air caused by the
huoyancy of the air. For each volume of water entering the sampler an

equel volume of air escapes and the filling rate 1is affected by the
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sampling depth. It may be smooth and uniform if a separate opening is
provided for air escape, but 1s intermittent and irregular when the air
must interrupt the sample inflow to escape through the same opening.

From the still water tests with all the samplers, the lnitial inrush
quantities of the individual saemples, expressed as percentagss of the
sampler capacity are plotted in Fig. 47. The theoretlcal values of the
air volume decrease, for various depths, were computed by Boyle's gas law
and are also plotted on Fig. 47. The close agreement of the experimental

and theoretical curves, with less than 1 per cent deviation, verifies the

o b
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Fig. 47--Initisl inrush into slow filling, rigid contaliner samplers.
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analysis of the initial inrush phenomena. The slightly greater experi-
mental values of initial inrush may be attributed to the fact that the
quantity ccllected during the first second of sampling was considered the
volume of initial inrush whereas, undoubtedly, it entered the sampler in
less than 1 sec. The curve, representing data with all the samplers
tested, indicates that the initial inrush-sampling depth relationship
established, is applicable to all existing samplers of the rigid con-
tainer type.

The initial inrush phenomena is an important consideration in sampling
with slow filling rigid container samplers when the sampler is opened at
some point below the surface. There are two actions that may result in
serious errors in the sample collected.

a. The excessive sampling rate during the initial inrush
period may result in a segregation of the sediment from the
water and a sample too low in concentration. Dependent upon
particle size, +this phenomena may be serious as determined in
the study of entrance conditions presented in Chapter III.

b. With the opportunity for a relatively large portion of
the esample container to be filled in less than 1 sec. the
sample secured is not a true time-integrated sample and may not
represent an average value of sediment concentration at the
sampling point. Or, when used for the depth-integration method-
where the sampler is to collect a sample only while being raised,
too large a portion of the sample will be collected near the
bottom. 1In this case, the increase in concentration resulting
tends to offset the decrease as described under a above.

The normal filling action of the samplers not provided with separate
air éxhausts was intermittent and irregular because of the air escape.
This action apparentiy consisted of a period during which the filling
decreases and finally stops, followed by an instant of air escape or

bubbling. At times, especially in still water, the air escape was delayed,

possibly because of the surface tension of the water at the sampler mouth,
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and there would be a period of neither filling nor air escape. This
clogging action was prevented din the tests by agitéting the samplers to
allow normal intermittent filling. This difficulty has been experienced
by several field observers using the samplers under actual stream con-
ditions.,

With the Omaha sampler, although 1t was provided with separate air
exhaust to allow smooth uniform filling, the filling action in still water
and in low stream velocities was intermittent and subjJect to the clogging
action. This may be attributed toa tendency for the air to escape and the
water to enter through both the air exhaust tube and the intake orifice.

With the Rock Island sampler, and in other slow filling samplers of
gimilar design, & condition in field operation was observed which should
be avoided. When this sampler becomes tilted nose downward, air is
trapped in the back end of the sample container and cannot escapes The
sampler may fill until water is passing through and out the air exhaust,
yet the sample volume will not indicate that the sampler is entirely
filled. Under this action there exists the opportunity for deposition of
sediment in the sampler, resulting in an abnormally high sediment concen-

tration.

Zl. Effectiveness of filling rate adjustment--The Frazier and Rock

Island samplers were tested to determine the effectiveness of the adjust-

ment provided to regulate their filling rates. On the Frazier, the
effective size of the mouth may be changed by varying the distance the

stopper is raised from the mouth. On the Roclk Island, the air exhaust

may be throttled by a stop cock valve.
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Results of the tests with the Frazier sampler adjusted to large,
medium, and small openings are shown by Fig. 48. The filling rates of
46, 21, and 5 cc./sec., respectively, show positive andeffective control.
Thece data were secured at a depth of 45 ft., but data at a depth of
20 ft. gave corresponding'results; The filling rate after initial inrush
for each adjustment of the stopper does not vary with depth. This is
alsoc shown by the test data presented in Section 30.

The results with the Rock Island sampler for two adjustments of the
air exhaust are presgnted in Fig. 49. From a filling rate of 23 cc./sec.
with the air vent open, the rate was reduced to 15 cc./sec. by turning
the valve to the half closed position.

The desirability of throttlingA the filling rate of the Rock Island
sampler is questionable, however, because of the errors in sediment con-
centration which were found to occur from an intake rate below normal as
described in Section 14. Even without throttling the air exhaust, the

sampling rate would be lower then the desired normal rate.

2., Effect of lowering and raising theColorado Sampler upon filling

characteristics--The Colorado sampler, selected asa sampler commonly used

in the depth-integration method of sampling, was tested to determine its
filling characteristics under wvarious conditions of lowering and raising.
The test procedure is described in Section 29. The tests with thedescend-
ing sampler consisted of two series of samples collected as the sampler was
lowered from the surface at rates of 1 ft./sec. and 2 ft./sec. The tests
with the ascending sampler consisted of -vo series of samples collected
as the sampler was raised from each of two opening depths at rates of 1

ft./sec. and 2 ft./sec. Results of these tests are presented in Fig. 50.
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The filling of the descending sampler is & combination of filling
which corresponds to the continuocus air compressicn and of filling which
replaces the escaping a;r. The proportions of each varies with lowering
rate, Their relative magnitudes at any time depends ¢ndepth and lowering
rate. Compariﬁg the filling curves resulting from tests with the descend-

ing sampler with the theoretical inrush volume curve, it is evident that

a large percentage of the filling corresponds to the compression of the
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air voiume in the sampler. For the 2 ft./sec. lowering rate there was no
appreciable air escape until a left. depth was reached. From that level
downward the rate of pressure equalization was more rapid, relatively,
&llowing time for air release and normal filling. With a decreased rate
- of lowering, illustrated by the 1 ft./sec. curve, the time for air release
is greater, allowing normal filling to occur at shallow depths.

The average sampling rate is slightly greater for the 2 ft./sec.
rate of lowering than the 1 ft./sec. but the difference is probably not
significant because of considerable deviation of individual observations
from the general curve for the 1 ft./sec. lowering rate.

The filling of the ascending sampler, after inrush has taken place, is
entirely an actlon of displacement of the escaping and expanding air, and
thus is similar to the normal filling action of a sampler statlonary at
a depth after initial inrush has occurred. In the tests made the initial
inrush was volumetrically proportional t¢ the depth at which the sampler
was opened, the same as in the tests wlth the sampler stationary at a
depth. The rates after the inrush are practically uniform and, exceﬁt
for the 2 ft./sec. raising rate from the 20 ft. depth, are appreciably
higher than the corresponding results with no vertical movement.

Furthér analysis of these results and general conclusions are not
attempted because the filling action of the Colorado sampler with vertical
movement 1is complicated by the disturbance of the mechanism above the
sampler mouth. Considering the variations in individual observations and
the artificial agitation found necessary t6 ingure filling, these data
serve only to show that for the Colorado sampler the filling rate may be

considered constant for all practical rates of raising and lowering.
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- %%, Effect of stream velocity on filling rates--The results of the

filling rate determinations with the samplers invarious stream velocltles
are shown by Fig. 51, The filling rates‘plottéd for each respectlve
stream welocity represent the filling after in;tial inrush obtained as an
average of from 10 po 15 individual samples ﬁhich varies over a r;nge of
about 20 per cent.

Fromlthese resul@swit'is seen ‘that the Rock Island sampler, with its
mouth facing into the ‘stream, is the only one of the samplers tested which
exhibite a deflnite reldﬁidﬁship between filling rate and stream velocity.

With the Straub, Frazier, and Colorado samplers, with intakes facing
normal to the stream, the stream velocity did not fsignificantly affect
the filling rates, Any slight wvariations in filling rate which these
samplefs appeared to have wlth various stream velocliies are accldental
and probably result from iﬁdirect effects such ag agitation and better
alr escape., With the Omaha sampler, shose mouth also faced normal to the
stream, but whose air exhaust was faced downstream there was no appreciable

effect of the stream velocity upon the filling rate.
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VII. ©SUMMARY AND CONCLUSIONS

34, Sumnary of sampler studies--Report No. 1 of +this project in-

cluded a review of suspended sediment samplers, which consisted of classi-
fication, descriptions, and general discussions of the samplers. Certain
features of samplér design and operation were suspectéd of affeqting the
accuracy of samples collected and the general adaptability of the saﬁplers.
.Although these features and their effects could not be reliably éﬁalyzéd
in that review, they were listed as followg: -
a. Disturbance of normal st}eam flow and the tendencies
toward segregation of water and sediment as the sample is being

collected.

b. Filling due toinitial pressure differential, resulting
in a non-representative filling rate.

~ ¢. Non-recmovable sample -containers which tend to loose
sediment when the sanple is transferred to another container.

d. Instantancous sampling action as related to fluctua-
tions of sediment concentration in the stream at the sampling
point.

@. Inability te collect a sample close to the bed result-
ing in an inadequate sample of the larger material being trans-
ported. .

£. Mixing of sample with water-sediment above the sampling
point resulting in an unrepresentative sample.

Features a, b, and ¢ have been studied experimentally and the results are
oregented by this report.

The disturbance of normel stream flow at the sampler entrauce and
deposition during the flow through a horizontal cylinder ﬂave been found
to have considerable. effect wupon the sediment concentration of samples.

The filling due to initial pressure differential, termed initial inrush

in this report, was investigated in the experimental study of the sampler
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charscteristics. Conclusions from these studies are presented in sub-
sequent sections.

In Report No. 1 was pointed out the possibility of obtaining with an
instantenecus sampler a value of sediment concentration not representative
of the average at that point due to the fluctuations in sediment concen-
tration caused by turbulence. These fluctuations were not studied in
this project and since the few experimental data available do not define
the magnitude of thesc errors nor the conditions under which they become
impoftant, the errcrs can be determined approximately taking duplicate
samples &and comparing their concentrations. Under conditions where im-
portant differences are found, a sufficient number of semples should be
token to obtain a reasonably accurste value for the average eoncentration.

The inability to collect a sample close tothe stream bed is a design
feature as are various othor minor factors affecting the adaptability of
a sampler. The necesslty of sampling closc te the ctream bed, if repre-
sentative particle size-discharge relationship is to be secured, is dis-
cussed in Report llo. 3.

The intermixing of water-sediment from above a sampling point into a
sample is obviously undesirable when a sample representing a particular

depth 1is desired. It is primarily a consideration in sampler design.

=

35. Study of sampler entrance conditiong--The flow conditions of a
suspended sediment sample approaching and entering a sampler have been
onalyzed and the tendencies toward segregation of the water and sediment
as a result of deflecticn or disturbance of the flow have been evaluated

for the resulting errors in the sediment concentration of the samples,
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From these studies, errors of serious magnitudes were found to result
from certain, not unusual, entrance conditions =and were found to vary
significantly with the factors listed below:

a, Size of gediment--The size of +the sediment particles
was established as one of the more important factors affecting
the magnitude of errors which result fron undesirable intake
action. The size, 0.06 mm., approximately the wupper limit of
Stokes' law, appesred as a critical size above which the errors
increased rapidly in magnitude as the sediment size increased,
and below the 0.00 mm, size the variation in the magnitude of
errors, as the sediment gize varied, was considerably less.
Below 0.06 mm., the errors for all conditions studied were less
than 10 per cent. For particles larger than 0.06 mm., which
are not uncommon, the results have immediate practical applica-
tion 1n proper sampler design or selection.

b. QOrientation of sampler intake--It was found +to be ez-
sential in order to collect accurate samples, +that the sampler
mouth face into the stream. Although a nozzle facing directly
into the stream is the desirable condition, small deviations up
to 20° from this orientation, as might occur accidentally in
the operation of a sampler, have little effect upon the sediment
concentration.

c. Sampling rate--The sampling rate was found to be the
most important factor in the operation of a slow filling
sampler, for scrious errors may occur, wparticularly when the
sampling rate is appreciably slower than the stream velocity.
The sampling rate must either be controlled so that the velocity
in the mouth is approximately equal to the normal stream veloc-
ity at the sampling point or the sampler must be calibrated for
its ratio of intake wvelocity to stream velocity and correction
curveg determined similar to the curves shown in Fig. 13, Any
control of a sampling rate or calibration of a slow filling
sampler is complicated by the extremely rapid entrance of water
during the initial pressure equalization that hag been shown
to occur within less than 1 sec.

d. Shape of sampler intekes--It was found to be essential
that the mouth of the sampler be extended upstream from any
deflection or disturbance of the flow caused by the body of the
gampler. No absolute values of the required 1length of +this
extension were determined but.it was demonstrated that a mouth
flush with the ©body of the sampler is not satisfactory. The
actual shape of the nozzle should approximate the streamlined
shape of the standard nozzle as nearly as practical but not at
a gacrifice of simplleity and ruggedness as small variations in
shape of the nozzle were found to be unimportant.
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e. Area of sampler mouth—-The area of the sampler mouth,
although found to affect gomewhat the magnitude of errors that
do occur did not affect the accuracy of samples collected under
the properly controlled standard sampling conditions. The tend-
ency was toward larger errors with smaller mouth sizes. It is
more important that the extreme leading edge of the sampler
mouth, as illustrated in Fig. 17, be used in computing the area
to be used in determining the intake velocity. The area of the
mouth of a slow filling sampler should be determined from con-
giderations of the volume of the samples to be collected, the
desired duration of sampling time, and the range of stream
velocities.

Although the factors listed aboveihave been discussed primarily as
pertaining to slow filling or time-integrating samplers, the considera-
tions are applicable.also to the instantaneous horizontal samplers. The
conception of the phenomena of gtreamline deflection and disturbance is

also applicable to the atudy of the vertical trap instantaneous samplers.

%36, Flow through horizontal c¢cylinders--The experiments described

herein have shown that under certain conditions deposits may occur in
samplersofrthe norizontal trap type, due to the reduction of the vertical
components of the momentary currents of the stream as it flows through
the cylinder. The studies made were insufficient to evaluate the im-

portance of these errors.

37. Loss of sediment in sample transfer from nonremovable con-

tainers—-The study éf the amount of sediment adhering to nonremovable
container samplers when the samples are pcured out indicate +that even
under favorable conditions of agitation, these amounts may be of appreci-
able magnitude and under certain conditions may lead to errors of con-
siderable magnitude.

The studies were not sufficient 1o delimit the conditions under

which errors of importance would occur,
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38, Filling characterigtics of slow filling samplers--The filling

characteristics of five representative slow filling samplers were deter-
mined experimentally. Two distinet filling actions, a rapld inflow to
equalize air and water pregsures snd a normal filling after the equaliiza-
tion, were found to be common to the samplers of this class.

When the samplers were opened at a point below the surface the
pressure equalization, termed initial inrusk, was found to occur in one
second or less with no escape of alr during the action; the volume of
water entering being proportional to the depth. This cction is extremely
important in the collection of time-integrated samples. For example,
Boyle's Law indicates that at a 34-f't. depth approximately 50 per cent of
the sampler capacity would be filled by this initial inrush volume. Tm-
portant also to consider_ is that errors in concentration ternd tooccur
bocause of the excessively high intoke rate, & condition which, in the
laboratory study of intake nction, was found to Dbe serious. The two
effects, however, usuclly tend to offset ench other.

In still water, or 1if the sampler opening does not face into the
stream, normal filling after the initial pressure equalization occurs ot a
more or less constant rate; the action being generally smooth and uniform
if the air escanss through e separate exhaust, Wot intermittent and ir-
regular if the air and semple flow through a common opening, If the sam-
pler fﬁces into the stream, the filling rate logicolly was found to vary
with stream velocity. Although filling rate adjustments were found to be
effective in controlling the rates, the procedure is questionable from the
standpoint of the accuracy of the sediment content of thes samples collected

with intake velocities considerably below the normal stream velocities.
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The filling action of a common bottle samipler was studied under
various conditions of lowering and raising. The rate of filling, whether
after initial inrush if the sampler was lowered to a point, opened and
filled while being ralsed, or during constant rates of lowering and
raising, was essentially constant. There did not appear to be a substan-
tial difference in filling rates wunder the various types of movement.
This test wﬁs not comprehensive and the results are not necessarily.
epplicable to bdther types of slow filling samplers used in the depth-

integration method.



